SUMMARY Compression of the septal perforator branches of the left anterior descending artery (systolic obliteration and diastolic reopacification during arteriography) has been proposed as a marker of idiopathic hypertrophic subaortic stenosis (IHSS). Among 568 unselected coronary arteriograms this angiographic finding was pronounced in 11 of 17 patients with IHSS; in 12 of 44 with aortic stenosis (AS) aortic stenosis underwent right-heart catheterization with a multilumen balloon-tipped catheter that was introduced from the right antecubital vein. Cardiac output was determined by the thermodilution tech-6, nique. '7 Intraventricular pressure gradients and pressure gradients across the aortic valve were measured using the pullback technique. The diagnosis of aortic stenosis was established by the presence of a systolic pressure gradient across the aortic valve. The diagnosis of IHSS was established by the characteristic left ventriculogram, and echocardiogram and an intraventricular pressure gradient at rest or after provocation with an intravenous injection of 4-12 mg of isoproterenol or induction of premature ventricular depolarizations. A myocardial bridge was considered to be present when the lumen of a segment of the left anterior descending coronary artery decreased by more than 50% during systole, with expansion in diastole.8
SYSTOLIC COMPRESSION of septal perforator coronary arterial branches was reported by Pichard and associates in cases of cardiomyopathy, especially idiopathic hypertrophic subaortic stenosis (IHSS).1 ' 2 We report this phenomenon in a variety of cardiovascular diseases, including aortic stenosis, coronary atherosclerosis and other conditions in 568 unselected coronary arteriograms, and relate it to hemodynamic and anatomic variables, and propose a theory on its pathophysiology.
Materials and Methods
Five hundred sixty-eight consecutive coronary arteriograms performed in three catheterization laboratories affiliated with the College of Medicine and Dentistry of New Jersey-Rutgers Medical School were reviewed by two observers. The coronary arteriograms were performed with the patients in the postabsorptive state after light sedation with diazepam. The Sones technique was used in 415 and the Judkins technique in 85 patients.3' Left ventricular and aortic pressures were measured by retrograde catheterization of the left ventricle. Left ventriculography was performed in the right anterior oblique projection. The ejection fraction was calculated using the area-length method. 5 Before the catheterization of the left heart, patients with IHSS or aortic stenosis underwent right-heart catheterization with a multilumen balloon-tipped catheter that was introduced from the right antecubital vein. Cardiac output was determined by the thermodilution tech- 6, nique. '7 Intraventricular pressure gradients and pressure gradients across the aortic valve were measured using the pullback technique. The diagnosis of aortic stenosis was established by the presence of a systolic pressure gradient across the aortic valve. The diagnosis of IHSS was established by the characteristic left ventriculogram, and echocardiogram and an intraventricular pressure gradient at rest or after provocation with an intravenous injection of 4-12 mg of isoproterenol or induction of premature ventricular depolarizations. A myocardial bridge was considered to be present when the lumen of a segment of the left anterior descending coronary artery decreased by more than 50% during systole, with expansion in diastole. 8 Septal perforator compression was defined as the disappearance of the angiographic image of septal perforating branches of the left anterior descending artery during systole, with revisualization in diastole. ( fig. 1), aortic stenosis (fig. 2) To define whether any of these hemodynamic and echocardiographic variables were related to the more pronounced presence of septal perforator compression in patients with IHSS than in patients with aortic stenosis, the correlation coefficients (Spearmann) of septal perforator compression to each of these variables were calculated separately for the two groups of patients (table 4) . We observed significant positive correlations between septal perforator compression and peak systolic gradient, ventricular systolic pressure and septal thickness in the patients with aortic stenosis and a positive correlation between septal perforator compression and septal thickness and peak systolic gradient in the patients with IHSS. Figure 4 1  1  2  3  2  2  1  2   0   0   186  190  150  270  180  240  200  195  128  240  180   190  190  210  300  185  180  160  180  150  180  120  145  210  210  230  230   154  200  130  212  175  192  218  200  235  200  155  205  212  185  125  150   75  50  45  140  80  120  40  60  8  145  45  65  60  75  180  35  60  60  30  35  60  20  30  30  35   100  80   52  65  20  60  86  69  92  60  115  105  45  40  60  55  5  30   19   20  12  30  27  9 forator compression and the difference between the aortic systolic pressure (related to the intraluminal septal pressure in the septal perforators) and the average between the left and right ventricular pressure (related to the intramyocardial pressure to which the septal perforators are subjected).
Another factor that correlated with septal perforator compression was the thickness of the intraventricular septum. We found fair correlations in the group with aortic stenosis and the group with IHSS. For the same septal thickness, the degree of septal perforator compression was similar in patients with IHSS and aortic stenosis ( fig. 5 ). Increased septal thickness may cause the septal perforators to be subjected to a higher extraluminal pressure. This could be due either to altered anatomical relationships bringing the septal perforators closer to the left ventricular cavity or to abnormal physical characteristics of the In the normal person, the septal perforating branches of the LAD are located closer to the right ventricular endocardium." We could not define the exact location of the septal perforators in each patient from the study of the coronary arteriograms. We were also unable to find a pathological study of the location of the septal perforators within the intraventricular septum in patients with IHSS or aortic stenosis. A positive correlation does not necessarily indicate a cause-and-effect relationship between the two related phenomena. Increased septal thickness may be related to other factors that may, in turn, facilitate septal perforator compression. Such factors include increased disarray of the myocardial fibers in the septum or a narrowing of the lumen and a thickening of the wall of the septal perforators in IHSS.12, 13 These phenomena may facilitate septal perforator compression and may be more pronounced in patients with advanced disease, who would also tend to have thicker septa. However, altered pressure relationships, i.e., a decrease in the intraluminal pressure with respect to the intramyocardial pressure and increased septal thickness, facilitate the appearance of septal perforator compression. This theory explains the septal perforator compression in IHSS, aortic stenosis, severe stenosis of LAD, cardiomyopathy and myocardial bridge and may predict the occurrence of this phenomenon in other conditions with thickened septum or leading to a decrease of the intraluminal pressure of the septal perforators with respect to the intramyocardial pressure. It is interesting to speculate on the effects of the apparent reduction of coronary flow due to septal perforator compression. In the absence of a clinicopathologic correlation, we do not know the relationship of the angiographic finding to the fibrosis of the intraventricular septum that has been described in IHSS. However, we did not observe an association of septal perforator compression and angina in patients with aortic stenosis or IHSS and normal coronary arteries. Carroll and Falsetti did not observe a correlation between angina and retrograde coronary flow in patients with aortic valve disease. These investigators attributed the retrograde flow to compression of the intramyocardial coronary arteries.1'
